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HAPTENIC PROPERTIES OF PARALYTIC SHELLFISH POISON

I. Introduction

In keeping with the basiec aims of this project, major emphasis

i continues to be given to the synthesis of conjugates of paralytic

shellfish poison and protein, and to the evaluation of the haptenic
properties of the PSP portion of the resulting antigens, Collateral
stﬁdies are also in progress to investigate some chemical reactions of
PSP in support of thevsyntheses and in an effort to develop alternate
methods of assay.

In previous reports (1, 2) the results of two attempts at
production and immuhological avaluation of conjugates of PSP and pro-
tein have heen presented. In the first experiment, failure to elicit
an antibody response was attributed to the high toxicity of the prepa-
ration, while in t#e second, failure to obtain a haptenic response from
the PSF portion of the molecule appeared to be related to an insufficient
amount of diazotized PSP coupled to the protein. In this study, however,
some evidence was developed to suggest the possibility that PSP did have
haptenic properties,

This report summarizes the raesults of a third attempt at the

synthesis, and immunological evaluation of PSP conjugates of ovalbumin

were at least partially resolvad. Attention has been given, also, to

the nature of the changes brought about in PSP through the diazotization




reaction and to a new color reaction which may have some promise for
the basis of an assgay for PSP.

The studies anticipated on the physical properties of PSP-protein
conjugates and alternate methods of coupling were not extengively pursued
during this reporting period because of delays in obtaining parts for the
electrophoresis spparatus and bacause of a linitod supply of poison during

this time, respsctively.

II. Experimental

Preparation of non-toxic conjugates of PSP and protein - Modification III.

For each of the antigen praparations, 54.5 mg PSP were raacted
with 2 g NaNO, and 2,5 ml 2 N HCl in a total volume of 20.5 ml for 35
winutes at 25°C to form the "diazo-poison” intermediate. At the end of
this period sufficient solid Na,CO, was added to make the solution approxi-
mately pH 9. Following this, 3 ml of & i0% protein solution (either oval-
bumin or bovine II gamma globulin) contained in 0.1 M Borax buffer at pH
9.35 was added. Helium gas was bubbled through the mixtura for 5 minutas
to remove dissolved vxygen and to guard against zlkaline oxidation of the
diazotized PSP, The vessels were immedistely laal;d and placed in a water
bath at 37°C. Protain control solutions were made in identically the same
manner, except that no diazotized PSP was added. At the beginning of the
fncubation both the PSP ovalbumin and the PSF-gemems I globulin were
orange im color while the respective protein controls were psle yellow,
All solutions were incubated at 37°C for 40 hours, At the end of this time
the PSP-proteins were a very dark amber and the controis were still pale

yellow. Each solution was then dialyred at 25°C for 10 hours againat 3

“2e



liter volumes of physiological saline during which time the saline was
renewed four times at 2.5 hour intervala, Although some of the vellow
color was dialyzed from the solutions, the PSP-proteins remained a deep
amber while the protein controls remained pale yellow. The final products
were diluted to a total volume of 60 ml, divided into approximately 5 ml
aliquots, frozen and stored for use in the immunological studies, Bio-
assays with mice indicated that none of the solutions were toxic when
injectaed at a level of 1/2 ml per mouse.

Details concerning the production of diazotized poison and other
conditions for synthesis or for conjugation may be found in the second
quarterly report,

Immunological studies related to determining the antigenicity of PSP-

ovalbumin and PSP-bovine gamma II globulin.

The PSP-ovalbumin and PSP-bovine gamma II globulin described in
the previous section were employed to immunize two groups of three rabbits
each by intravenous injection (lateral ear vein) . Previous work (2) re-
vealed that no appreciable difference in antibody titers was obtained
among rabbits injected intravenously or intramuscularly with ad juvent;
therefore, only the former route of immunization was employed in the present
studies,

Two additional groups of three rabbits each were immunized (I.V,
injections) with ovalbumin and bovine gamma IT globulin, in order to ob-
tain a source of control sera. Because the coupling procedure described
in the previous section was conducted at an alkaline pH, the ovalbumin
and globulin, used to obtain control sera, were treated in a manner identi-
cal to the proteins coupled to P8P

-3-




Five days prior to recelving the first injection of antigen,
all 12 < abbits were bied by cardiac puncture to obtain samples of normal
gerum., The immunization schedule employed to obtain immune sera im shown,
in Table 1,

The sera collected from the above rabbits were tested for their
precipitin content by mixing 0.4 ml of a 1:5 dilution of each Af tha nera
with doubling dilutions of antigens from 1:2 through 1:8192, ' The mixturéa
were incubated in precipitin tubes in a 37°C water bath for one hour,
followed by overnight incubation at 5°C, After incubation in the cold,
the tubes were centrifuged at 2,000 r.p.m. for 5 minutes and observed for
the amount of precipitate formed, Controls consisted of normal and immune
serum-saline systems and antigen-saline systems. Primary titrations re-
vealed that a non-specific precipitate developed in those tubes containing
conjugated antigens in the highar concentrati:ma. Therefore, in subsequent
tests dilutions of antigens of 1:2 through 1:8192 waere miged with normal
serum in order to determine the highest dilution at whichéthe n;n-lpecific
precipitate occurred in the control systems,

The results of initlal titrations of anti-PSP-ovalbumin and anti-
ovalbumin sara agalnst PSP-ovalbumin, ovalbumin, and PSP-globulin antigens
yielded unsatisfactory results. Before definite conclusions can be drawn
concarning the type and degree of antibody response developed in these
gsara, several titrations will be necessary,

The results obtained with antisera produced to globulin and PSP-
globulin, as well gs the complete titration protocol, are shown in Tables
2 and 3, The data presented in Table 2 represent the results of an initial

tiiraiion and Table 3 of a repeat titration with the same aera Sere

by
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numbered 36, 37, and 41 were produced agalnst PSP-globulin in three rab-
bits, and rheir titere to tha howologous aniigen were in excess of 1:20,580.
These sera alao reacted with globulin and some precipitate was observed
with all three sera at as high a dilution as 1:10,240. The significant
titration depicted in Table 2 is that of anti-PSP-globulin sera 36, 37,

and 41 with PSP-ovalbumin antigen. These titrajlons reveal that a cross
reaction occurred, and the end points of thé demonstrable reactions were

1:320 for serum 36, 1:640 for serum 41, and 1:1,280 for serum 37. These

-

" appear to be specific reactions in that pre-immunization sera (normal sera)

of rabbits 36, 37, and 41 did not react with PSP-ovalbumin, PSP-globulin,

or globulin alone, The results of normal serum titrations are also shown

in Table 2, In that the'only factor in common between anti-PSP-globulin

and PSP-ovalbumin is PSP, a haptenic response appears to have baen obtained,
and all three sera contain antibodies capable of reacting with the PSP
portion of the conjugated ovalbumin antigen.

Table 2 slso shows the rasults of titrations of one of the anti-
globulin sera (48) against globulin, PSP-gIdbulin, and PSP-ovalbumin anti-
gens, The antibody titer to globulin and PSP-globulin is lower than ex-
pected. The alkalinization of the globulin probably resultad in sbmé denatura-
tion which affected the antigenicity of the protein., The interesting point
is that the coupled globulin (aleso alkalinized) is a better antigen than
the altered globulin alone.

The titrations shown in Table 2 were repeatad and the results of the
second titration are shown in Table 3, The titer of anti-PSP-globulin sera
for PSP-globulin and globulin alone were slightly lowered, However, the
crosR raactlon to PEP-ovalbumin observed in rhe first titraticn did not

-5
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occur, A third titration of anti-PSP-globulin to PSP-ovaibﬁmin again
resulted "L'n negative results, In view of the relatively high titers
observed in the first titration, the negative results of the latter titra-
tions are puzzling, The nmount of precipitate and the nature of the floc
developed initially in all three sarum-antigen lyitoma ware typical of

a pracipitin reaction and were readily diatingﬂiahahle from the non-
specific flocculation 6buorvgd in the nntigen-oaline and aﬁtigan-nqunluu
serum control tubes, In addition, the :qactidn'qceurfed'at too high'a

titer to be diamissed as non-spscific. The results are uﬁintafprctnblc

" at the monent; however, one explanation may lie in the manner the sera =

vere treated, To date, the practicahasbeen to freeze. thc sera 1 bulk

rather ‘than small aliquots for storage, This_requiredwplterna;a fraeg-

.ing and éhawing which may haveynffected'adersaly the antibodies directed

toward PSP, COmparioun of the rasults ahdﬁh'in Tables 2 and 3 raveals

2 alight decrease .in titer for gach of the sera in the ucéond;ae: of

titrations (Table 3y, The :eaopion of antisglobulin (48) to globulin

and PGP-globulin, though poor in thé first titration, practically dis-

appsared in the second titrhtion. Though -alternate franaing and thawing
~ for one or two times uuunlly is not considared delaterious to nncilara,

.the posaibility is worth further invclttglctun. To determine uﬁethar

alcernnte frnczlng and thawing il responsible for the 10.- of renccian,

"‘rabbitn 36, 37, 41, nnd 48 have bean given booster tnjactlona of 1.0 ml,

The sera from these rabbitl will be collected and separsted into-three

nliﬁuote. One'aliquot is to be tltrntcdvinmcdiataly after collection

* (Eresh gerum), & second aliquot is to be preserved with merthiblute

and atored in the cold, and the thizd aliguot is to be frozen, Comparativa

-6
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revaraible and that certain others, as in the formation of aliphatie diIIQ ,

*whethcr L3P enters ln*o reversible cquilibriun with nitroul acid. This was

. accomplished by the initial propnracion of tho unluntinlly non-toxic yellow

excass nitrous scid by addition of lulfgmic acid, Mouse biollIAYI"VDrl‘ . /.

parfornad daily on the rooulting solutton and ;pproprtatn controls, It

‘has been accompliuha@ to abou: 50% of thnoraticnl. This evidence indicates

_ i , ‘
that PSP enters into'a rlvarliblo chemical cquilibrtum'with nitrous acid

“nitrous acid and removal of exce-n'nitroua acid by addition of sulfamic ‘ :

titrations among the varioualy treated aliquots may shed light on the
losa of specificity to PSP by thg sera,

Studies on diasotized paralytic shellfish poisen.

Since all of the conjugated antigana prepared to datc hlva omploynd
‘the uss of PSP modified with nitrowss acid prior to coupling, knowledge of
the changes in tha molccula brought about by this treatment are of interest.
It is well known that some of the rnactioni of nitrou‘iacid with

aliphatic nitrogon contlining compounds, notably N-nitrosation, are

compounda, are ‘not. Hancn anvinveltigation was undertaken to determine i

dilao-PSP in the presence of excess nitrous Acid followed by ronovul of tho

e e + 8 odley ek

vas found»thut toxicity of cho aolution increased with respect to time,

thus indicating the rasancrntion of the polson. At the pénucnc time reaversal K g

and thﬁt'tho PSP molecule is not drastically altered by tlils treatment,

Color. ronctionl of zs

It was prqviously repor ted (1) that PSP, after treatmant with

acid, couplas with p-naphthol to produce a red to pink color, It was
also raported that PSP couples with aromatic diazonium salts (2) with
prodguccion of a yallow color. It has recently been found that PSP also

-1~



reacts with sodium 1,2-naphthoqu1ﬁbne~4-sulfonate~at pH 9.3 with pro-
duction of. a weak violet color and strong u.v. sbsorption at 242 my.
The molar absorption coefficient at 242 mu is 15,400 1/mole.cm., and

PSP has bean determined in concantrations as low aa 7 ug tn 0. 5 ml of

.solution. This coupling occurl directly wichout any prior treatment

:of :hé poilon. "A-lxm;xlr reaction occurs with many comppunds cgncaining'“

activated methylene and primary and secondary amine groups, which may

“render the reaction unsuitable for assay purposes, . Teritary amine 3roups

do not interfere however.

I1I. Project&d Reaearch fdr'Féﬂrth Quartéé, ?leégiw'
Projacted rt.eareh for tha fourth quarter, FY 1961, will ba di- :
raccad toward the following objectivel-‘

1. Continund investigation of the immunological propartien of PSP- protaiﬂ
(Modification III) in an effort to qnequivocnlly detarmine if tha PSP ,
‘portions of the conjugates have haptenic properties, ” -

2, Development nf mora rigorous evidance'éoncernins the naﬁurc of the
_ PSP-proteins through the use of physical :;chﬁiquol luch.nnJSiiétro-rr"

phoreais and ultracentrifugation,

'3, ‘Continued studies on the devalppmaht of chemical micro-assay procidugds i

for PSP.

4, Investigation of alternate mathods for coupling proteins to PSP,

Y &

5 N i \y % ‘
V . Svmary L
Vg “ , ; by

hrough additional modification of the procedures for coupling

diazo-PSP to pxotoins, a product has been synthesized of sufficiently <=

/

;,.qgi
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2'low toxicity to be accaptable for use as an antigen and containing at
least loltimeébthe amoun:»gf PSP as previous preparations.
Immunological studies of PSP-bovine gamma II globulin, PSP-
ovalbuﬁin and their respective contrblg provi&ed conflicting evidence
regarding the haptenic proéef;ies of the PSP portﬁpn of the conjugates .
» yet to Be recqpciled.“ ' #
| Evidence ha"ir in‘m prcinﬁnted to i.h:ucau PSP enters into a re-
versible aquiiibriuml:cdction with nicro;u acid nrndr that! the —"‘g;uoj
tiza:ion“‘y&oe's not appear to drasticaily alter the PSP moleculs. .
‘In search of val_ternntc met:hodnv_fq;;_;;ha.micgl -assay procedu:es, a_ |
éo’l&— reaction bétween PSP and aodi:um 1; 2:, -napt:hoquinone%#-.sulfonhte

tt. pH 9.3 has been !.nvestigatad: in terms of. lpnciﬂcit&, ;nd'h nnﬂ.ﬁlﬁty_,,\

» V. Refsrences
1. Haptenic Propertiss of Paralytic Shellfish Poison, First Quarterly

Report on Research Project Nun%af 4B04~14-004,U.8, Army Chemical

J . Corps Bioldgical Laboratories. Robert A, Taft Sanitary Engineering

. Center, Octobsr 1960,

2, 1bid, Sacond Qhartcrly quorc, January 1960,
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. Immunization schedule for rabbits reoiiving intravenous injections
i .of globulin, ovalbumin, PSP~globulin and PSP~ovalbumin .
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